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ABSTRACT

The objective of this study was to estimate the varietal and heterotic effects related to grain yield, popping expansion
and resistance of popcorn against fall armywolwelve open-pollinated varieties were intercrossed in a complete
diallel mating scheme. The 66 experimental hybrids, together with their parents and controls Zapalote Chico, BRS 1030
and IAC 125, resulted in a total of 81 treatments, evaluated in an experiment in a 9x9 triple-square lattice design, in
Maringa-PR anéraruna-PRThe data were analyzed according to the diallel model of Gardner and EberharflA966).
following traits were evaluated: grain yield (GR); mean plant height (PH) and insertion height of the highest ear in the
stem (EI); silking (SIL); final plant density (FD) and popping expansion {RiEety PR 023 is indicated for intrapopulation
improvement for grain yield. Regarding popping expansion, the results indicated cross SAM x UNB 2U C5 for recurrent
reciprocal selection. In relation to resistance to fall armyworm, the varidfies P72, A 091, PR 023, and SE 013 were
selected for intrapopulation improvement. On the other hand, the cragdad P2 x BOZM 260, R 091 x BOYA 462
and SAM x UNB 2U C5 can be indicated for interpopulation improvement.

Keywords: Zea mayd..; specialty cornsSpodoptera frugiperdadditive effects; heterosis.

INTRODUCTION agronomic traits with a high popping expansion is one of

. . th tadifficulties i ing (Moterl
Popcorn Zea maysL.) is a popular and widely e greatedifficulties in popcorn breeding (Moterleett

. ; . a}l., 2012; Goncalvest al, 2014).
consumed food in Brazil. Nevertheless, commercia Invi fth ity of " iicularl
cultivation is modest, as a consequence of the lack of nview ofthe scarcily of popcorn cuitivars, particularly

high quality genotypes, unlike in the case of commoﬁybrid cultivars, breeding at the intra- and interpopulational

corn Zea mays..). Howeverconsumption has increasedlevel are alternatives in the development of new varieties
in Brazil over the years, making the crop attractive tg>caPimetal, 2010; Moterletal, 2012).To this end, the

farmers (Paulat al, 2010; Moterleet al, 2012; Gongal- estimation of genetic parameters and of variance
veset al, 2014). components of the populations under study is extremely

Studies emphasize that popcorn cultivation jmportant to maximize genetic gains in breeding programs
underdeveloped, given the market potential of this crdpcaPimetal, 2010; Hallaueet al, 2010).
(Arnholdet al, 2009). The development of cultivars with ~ Maize is attacked by various pests during almost the
desirable traits, such as better plant health and high gr&iftire crop cycle. In particulgall armyworm Gpodoptera
yield, is fundamental to promote popcorn cultivation. Othdfugiperdd is considered the main pest of the crop, for
important factors in popcorn breeding are aspects relateausing damages that can cause up to 60% yield losses,
to quality such as grain texture and softneShe aside from facilitating disease infection (Sartbsl, 2004,
establishment of cultivars that unite tdesirable Fariaset al, 2014). These losses also occur in popcorn.
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Diallel analysis of popcorn populations for yield, popping expansion and resistance to fall armyvi2gth

The resisance of maize to fall armyworm has been After the crosseand seed multiplication of the parents,
thoroughly studied and a series of resistant genotyptgo field experiments were installed in the second season of
were developed (Mit al, 2011). The introgression of native 2015, the first in Maringa-PR (latitude 23° 25’ S; longitude
resistance into commercial hybrids can increase durabilii® 57W); 550 m asl, and the secondiaruna - PR (latitu-

and confer additional tolerance to other stresses, e.de23°52’S; longitude 52° 32" W; 510 m asl). The soil at both
disease, heat and drought (Fagtal., 2014). sites is classified as Dystrophic Red Latoadl cultural

However with regard to popcorn cultivation, operations were performed according to official
information is scarce. In this context, research thatcommendations for second season maize éEaliz2006).
addresses the identification of genotypes with resistance The following traits were evaluated: a) grain yield (GR),
to pests and other desirable agronomic traits must kg hat, b) mean plant height (PH) and insertion height of
conducted, with a view to reducing production costs. the highest ear in the stem (El) in cm; ¢) silking (SIL), in

Diallel analysis represents one of the most appropriaiays; d) final plant density (FD) and e) popping expansion
genetic-statistical techniques for estimating geneti@®E), calculated as the ratio between expanded popcorn
parameters, e.g., the additive and non-additive effeaislume and raw grain weight (in mti)gFor each plot, a 30
involved in the control of the traits of interest, as a suppagt grain sample was popped in an electric pappéh
for decision making in breeding. In addition, diallel matingautomatic temperature control, set at 280°C, developed by
designs provide information on combining ability Embrapa-National Center for Research and Development
classification of heterotic groups, heterotic effects angf Agricultural and Livestock Instrumentation (CNPDIA).
hybrid development. Thus, this method allows the selectiathe expanded popcorn volume was measured in a 2,000
of the best lines, increasing the efficiency and making thaL graduated beakéFhe grains for popping were taken
development of hybrids more practical (@ail, 2012; from the central basal part of the ears, with a moisture
Gongalvegt al, 2014). content between 12.5 and 13.5% (letial, 2005).

This study estimated the varietal and heterotic effects Fall armyworm resistance AR) was also evaluated,
related to grain yield, popping expansion and resistangjuced by natural infestation. The 15 central plants of
of popcorn to fall armywarm. each plot were evaluated 14, 21, 28 days after plant

emergence (DAE). The assessments were graded by scores
MATERIAL AND METHODS on a visual damage scale, with damage scores ranging

The study was divided in two stages: 1) hybridrom 1to 9, adapted from Daésal (1992).
development and seed multiplication of the parents; Il) After data collection, the grain yield values were
evaluation experiments for the intervarietal hybrids angbrrected using the covariance analysis methodology
their parents. as proposed byencovsky and Cruz (Criet al.,, 2012).

The first stage occurred in the 2014/2015 growinghe experiments were planted in a 9x9 square, partially
season, when the 66 intervarietal hybrids werpalanced, triple lattice design with three replications. The
established, by crosses between the 12 varieties ussgherimental plot consisted of two 7-m rows, with plants
and the simultaneous multiplication of the parent varietigpaced 0.20 m apart and rows 0.90 m. Planting density
(Table 1). was 55.555 plantsat.

Table 1: List of open-pollinated populations used as parents

Caryopsis o

Genotype - Origin
Pericarp Endosperm

ARZM 13050 Colorless Write andYellow CIMMYT
URUG 298-Roxo Red Orange CIMMYT
SAM* Colorless Orange SouthAmerica/lUSA
PARA 172 Colorless Write andYellow CIMMYT
ARZM 07049 Colorless Orange CIMMYT
UNB 2U C5 Colorless Orange UENF
SE 013 Colorless Write andYellow UEM
VICOSA Colorless Orange UFV
BOZM 260 Colorless Write CIMMYT
PR 023 Colorless Orange UEM
PA 091 Colorless Yellow UEM
BOYA 462 Colorless Colorless and Black/Purple CIMMYT

*South American Mushroom.
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Prior to the analysis of variance for each trait, the basRESULTS AND DISCUSSION
assumptions for normality and homogeneity of error

i heck the Shapin Bartlett
variances were checked by the Shapirti\and Bartle (p <0.05) foryield, plant height, ear insertion height, silking,

tests, respectively and popping expansion, indicating differences in the
The data for each trait and site were analyzed basag. POPPING €xp ' 9
. - . evaluated genotypes dble 2).The data showed a
on the general mathematical-statistical model for latticé .
. . : . . significant effect (p < 0.05) of the genotype x environment
design, with recovery of the interblock information, to _ ) . . . .
; . ) . xE) interaction, evidencing the differentiated
obtain the variance of the effective error and adjust . . .
. : performance of the genotypes in the studied environments.
means, using software SAS 9.3. In this model, th . )
. . herefore, the evaluations of the selection procedures of
treatment effect was defined as fixed and the other effects ™ " . o
as random promising genotypes should be environment-specific,

. . . rather than addressing the entire set of environments.
For the analysis of combined variance between

environments, the homogeneities of the effective variances In a study using diallel ana_IyS|s for 16 maize populations
of each variable between the two environments we apted to the Corn Belt region, Laude and Carena (2014)

analyzed by the Hartley test found highly significant effects of the G x E interaction for
The mathematical-statistical model for the combineHaits related to grain yield and qualiky a diallel analysis
analysis of data variance was of tropical maize genotypes, Motedeal (2012) found a
significant G x E effect for all evaluated agronomic traits.

Yy =H+G+E+GE+R+R/E, +B/R/E,, +R +RIE, The treatment effects were significant for all variables
+B/R/E ) + € (p < 0.05) by the F test, indicating differences among the
) _ L . . hybrids. The results of the combined diallel analysis
where.YiJ.kI = the observation in the ith genotype in the ):j ted sianificant iotal effect < 0.05) f y I
jth environment in the kth replication in the Ith blopks n !ca ed signitican ) vque _a effects (p -05) for a
the overall mearG, = the fixed effect of ith genotypE, = variables (&ble 2), indicating that the parents do not

. P . _ . constitute a homogeneous group. The results evidenced
the fixed effect of jth environmenGE, = the fixed
interaction effectJ of the ith geicl;type with jththe predominance of additive genetic effects, which are
environmentR. = the random effect of the kth replication,imponam in plant breeding. For the variables PH, ear height
RIE, =the rar:dom effect of the kth replication within jthand GY Kvitschalet al (2004) found similar results. Similar

0 observations for PH, insertion height of the first ear and

environment,B/R/EKk)(j) = the random effect of the Ith Gy d by Motertet al (2012) i bini
block within kth replication within jth environment, and ~ yvere repqrte y o'_ter al ( ).ina combining
ability analysis by the Griffing method.

€., = the residual error wheeg ~NID (0, 6?). ’ ) , )
' The combined analysié of variance between the M relation to the main heterotic effects and their

environments provided the adjusted means, with recovefjferactions for the parents and their interpopulation

of the individual interblock information. hybrids (Table 2), there was a significantet (p < 0.05)

The combined diallel analysis of the experiments wa@r all variables, evidencing that dominance also affected
performed as proposed by Gardner and Eberhart (196%)"}” inheritance of the analyzed traits, which can be

using the mathematical-statistical model (Moetiat, 1991)  €xPloited in breeding for superior hybrids.
The effects of the variety X environment

Yijk=m+ (9 + 9j)/2 + ay + (Saj + 9ay)/2 + 6 (h + hay+  interaction (VXE) were significant (p < 0.05) for all evaluated
+h;j +hay +hj+ haj+sjj + sajj) + €k, agronomic traits except plant height (p > 0.05). This
indicated that the genotypes should be individually
where:Yjj = the observation of the combination betweege|ected based on their additive effects, in each
ith genotype with jth in the kth environme, 3 and  environment, except for plant height, for which genotypes
Saj, 3ajx = varietal effect of the ith and jth genotype andan be selected from the data of both environments.
them respectively interactions with kth environmerand The effects of heterosis x environment
hay = the effect of the mean heterosis and its interactidfteraction (HxE) were significant (p < 0.05) for all
with kth environmenth;, h; andhayy, haj = the varietal agronomic traits except popping expansion (p > 0.05). The
heterosis effect of the ith and jth genotype and respectivéirtitioning of Varietal Heterosis x Environment and
them interactions with kth environmesy,andsa;ji = the Specific Heterosis x Environment contributed to the
specific heterosis between ith e jth genotype combinatigtnderstanding of the effects of these interactions on grain
and its interaction with kth environmenfy = the residual yield. For plant height, the H x E interaction was fully
mean errorThe diallel analysis was performed with software@xplained by the Mean Heterosis x Environment
Genes (Cruz, 2016)lI the analysis were mad®ensidering  interaction, different from the insertion height of the first
probabilitya = 5%. ear For trait PE, the main fefct estimated by the H x E

All main effects and their interactions were significant

Rev CeresVicosa, v67, n.4, p. 288-295, jul/aug, 2026




020z ‘Bneynl ‘se2-88¢ "d ‘v'u ‘29 A "esOdINSaI8D NaYy

Table 2:Analysis of variance of the diallel variance, adapted by the Gardner and Eberhart model (1966) to estirfeatts thievefieties and heterosis on grain yield (GY), plant height (PH
highest ear insertion height (El), silking (SIL), popping expansion (PE), and diallel analysis for fall armyworm damage at 14 and 21 days after seedling emergence (DAE)

MS MS

S.V! D.F. D.F.

GY PH B SIL PE 14DAE 21DAE
Genotypes 77 0.990* 1109.339* 1348.449* 66.982* 272.294* 77 0.5801* 0.4584*
Varieties 11 1.986* 3249.043* 6142.523* 400.158* 1749.126* 11 1.3597* 1.0304*
Heterosis 66 0.824* 752.721* 549.437* 11.452* 26.155* 66 0.4502* 0.3631*
H. M. 1 31.024* 29405.392* 19305.004* 161.887* 33.577* 1 0.0973° 3.9573*
H. V. 11 0.327* 351.408* 299.519* 3.750* 32.963* 11 0.3428° 0.1888°
H. S. 54 0.366* 303.865* 253.021* 10.235* 24.631* 54 0.4786* 0.3321°
Environments 1 2.546* 317179.72* 169521.907* 4867.510* 2.044+ - - -
GxE 7 0.253* 163.599* 125.914* 5.541* 16.833* - - -
VXE 11 0.668* 82.064° 154.936* 13.635* 21.630* - - -
HXE 66 0.184~* 177.188* 121.077* 4.192* 16.033¢ - - -
HM.xE 1 0.004+ 3328.297* 1297.937* 23.802* 0.189¢ - - -
HV.XE 11 0.341* 161.881 155.733* 2.297 13.320¢ - - -
H.S.xE 54 0.156* 121.95% 92.224¢ 4.215* 16.880* - - -
Effective error 272 0.094 113.405 83.361 1.729 7.630 136 0.2732 0.2552
Mean - 1.851 217.306 137.806 59.202 18.328 - 4.0089 6.0735

'H. M.: Mean Heterosis; HV.: Varietal Heterosis; H. S.: Specific Heterosis; G: genotype€nvironments;
*: significant, by the F test, at 5% probability; ns: not significant, by the F test, at 5% probability

- data not shown.
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interaction was not significant, but the significance of the The significant effects of the mean squares of mean
mean square for Specific Heterosis x Environment (p keterosis for all traits indicated genetic divergence among
0.05) indicated that the non-additive effects for this trathe studied parent lines. Thus, this situation is favorable
differed between the environments. for breeding, by the exploitation of heterotic effects in
The estimates cﬁi, were derived from the combined hybrids (Kvitschakt al, 2004).
diallel analysis, by model 4 of the method proposed by The best varieties, with positive heterotic effects on
Gardner and Eberhart (1966), for the five traits evaluatedgnain yield in crosses weAlRMZ 07049 and BOX 462,
both environments @ble 3).The§i estimates were simi- not differing from ARA 172 and SAM iraruna. ARA
lar to theg;, effects (general combining ability - GCA), sincel72 was particularly interesting for having the highest
a part of the GCA effects are due to varietal effects ams$timates of varietal heterosis, indicating a wide divergence
another part due to effects of varietal heterosis (Kvitschétom the other varieties, being recommended for the
etal, 2004). In the comparison of the values, the estimategploration in breeding for hybrid synthesis. The
with two-fold respective values of the standard deviatioperformance was significantly poorer only for crosses
were considered the best (Crtal, 2012). involving UNB 2U C5 and PR 023 in Maringa and VICO-
In Maringa, thed; effects for GY were significantly SA,ARMZ 13050 and UNB 2U C5 iAraruna.
higher for the varieties UNB 2U C5 and PR 023, which did The varieties with particularly good (i.e., negative)
not differ from the varieties/RA 172 and BOX 462, while  estimates of PH, El and SWereARMZ 13050 and UNB
in Araruna, only variety PR 023 had higher @timates. 2U C5, in both environments. Thus, they are suitable to
InAraruna, PR 023 amtRMZ 13050 performed better than breed plants for the establishment of earlier and short
all the others, except VICOSA and BOZM 260, with positivéybrids.
and similar estimates of varietal effects and thebaste The variety associated to crosses with particularly high
performances. heterotic effects for PE was PR 023, which was similar to
In the case of plant height, ear insertion height arfdlA091 ARMZ 13050, VICOSA, FARA 172, and UNB 2U
cycle length, the lowest estimates are generally the mdésb (Table 2).Therefore, these are promising varieties for
interesting for breedindccording to Rangedt al (2011), the breeding of lines to be used in the future for the
tall plants are more prone to lodging and breaking, whiatevelopment of hybrids in popcorn breeding programs.
is aggravated in regions with high incidence of strong The high PE observed in variety SAM was
winds. Therefore, for plant height, the selection of plan@gredominantly due to effects of additive action genes. In
with lower values is interestings shorter cycle length relation to the varieties UNB 2U C5 and VICOSA, apart
facilitates an optimized exploitation of the areas by differefitom the additive effects explaining the high PE
crops in rotation and a greater chance of phytosanitgpgrformance, there was also a positive heterotic effect.
stability and frost resistance, which is essential in secordie presence of both effects suggests that these varieties
season crops (Bolsat al, 2016). are not only indicated for intrapopulation, but also for
The parents URUG 298-RoxaRMZ 13050 and/I-  interpopulation improvement, aiming at the exploration of
COSA had negativ@i estimates and a goqaer se the heterotic décts According to Gongalvest al (2014),
performance, indicating them for breeding for a lowethe choice of parents for the formation of segregating
plant and ear-insertion height, in both environmentpopulations based on the combining ability and the
without significant diferences from each othéFhe presence of complementary genes are the chief factors for
genotypes R 091 andARMZ 07049 in Maringa, and the success of a breeding program.
genotypes RRA 172 and UNB 2U C5 iAraruna were For landrace popcorn populations, Solalireteal
also noteworthysignificantly similar to those mentioned (2014) also found evidence of heterosis, indicating that
above. The varieties with negative estimates for silkingenetic gains for PE by interpopulation improvement are
and therefore earlier cycles were URUG 298-R8RIZ  possible. The traits GY and PE rarely have simultaneous
13050 and UNB 2U C5. positive effects ford; and?z,-, confirming the negative
Analogously to the trait cycle length, the performanceorrelation between them.
of the varieties for PE differed between the environments. Inthe GY analysis, a differentiated performance of some
The varieties with the significantly begter se interpopulation hybrids was observed, based on specific
performances, based on @yeestimates, were UNB 2U C5 heterosis estimates, e.yICOSA x BOYA 462 (0.692),
and SAM inAraruna and UNB 2U C5 in Maring&nother URUG 298-Roxo x BOZM 260 (0.57ARMZ 13050 x SE
promising genotype for intrapopulation improvement wa@13 (0.573) and BOZM 260 x B@¥462 (0.510) in Maringa,
parent VICOSA, although significantly inferior to UNB 2U with significantly higher estimates (0.489 to 0.238) of
C5 in Maringé and the genotypes UNB 2U C5 and SAM iapecific heterosis, together with 10 other hybrids. On the
Araruna. other hand, iPAraruna, the combinations were more
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Table 3: Estimates of variet)é\),-), varietal heterosi@z() and mean heterosig) for grain yield (GY), plant height (PH), ear insertion height (EI), silking (SIL), popping expansion (PE), and

armyworm damage at 14 and 21 days after emergence (DAE)

N N
i i

Parent GY PH El SIL PE DAE

Envl Env2 Mean Envl Env2 Envl Env2 Envl Env2 14 21
ARZM 13050 -0.050 0.673 -7.286 -14.810 -15.117 -6.191 -6.278 -5.730 -3.623 0.356 0.469
URUG 298-Roxo -0.078 0.023 -21.936 -20.650 -23.177 -7.596 -8.945 -1.510 1.151 0.3213 0.316
SAM -0.322 -0.285 -3.166 -5.090 -3.727 -2.432 -2.945 11.157 14.711 0.127 0.326
PARA 172 0.224 -0.329 -7.441 11.020 -14.557 0.404 1.722 -2.843 -3.573 -0.857 -0.091
ARZM 07049 -0.343 -0.432 -2.386 -5.930 -3.167 6.693 4.389 0.101 -0.626 0.336 -0.456
UNB 2U C5 0.678 0.079 1.144 -4.540 -13.447 -5.757 -3.611 16.381 15.931 0.654 0.543
SE 013 0.086 -0.220 -7.166 0.180 2.383 3.801 4.389 -2.956 -5.959 -0.211 -0.673
VICOSA -0.222 0.440 -6.476 -14.540 -15.117 -3.155 -0.278 9.937 9.098 0.067 0.242
BOZM 260 -0.387 0.228 10.934 13.240 12.383 1.014 0.389 -8.953 -10.849 0.067 -0.091
PR 023 0.605 0.603 19.274 19.910 33.773 4.476 4.389 -5.010 -7.956 -0.220 -0.239
PA 091 -0.594 -0.675 -8.366 -10.090 -3.447 3.584 3.056 -0.066 0.988 -0.663 -0.620
BOYA 462 0.403 -0.104 32.869 31.300 43.213 5.159 3.722 -10.510 -9.293 0.022 0.273
8(§,~ - @j) 0.248 0.253 8.695 7.482 7.427 1.027 1.118 1.677 2.713 0.426 0.412

hi
Parent GY PH El SIL PE
Envl Env2 Mean Envl Env2 Mean Mean

ARZM 13050 0.131 -0.290 -4.958 -7.631 -4.782 -0.194 1.198
URUG 298-Roxo 0.123 0.016 -0.083 2.677 -1.488 1.078 -1.001
SAM -0.035 0.148 -1.032 -0.074 -0.269 0.017 -0.457
PARA 172 0.178 0.256 6.438 -1.464 10.340 -0.464 0.324
ARZM 07049 -0.063 0.363 5.234 7.985 7.160 -0.670 -1.103
UNB 2U C5 -0.188 -0.162 -0.423 -6.990 -2.076 -0.120 0.249
SE 013 0.015 0.004 1.697 -0.183 4.371 -0.231 -0.985
VICOSA 0.126 -0.458 2.722 -1.212 2.717 0.140 0.821
BOZM 260 0.017 -0.026 -7.008 -1.491 -4.394 0.203 -1.851
PR 023 -0.267 -0.098 -5.017 1.731 -9.519 0.087 2.509
PA 091 -0.057 -0.077 5.866 6.481 2.786 0.521 1.838
BOYA 462 0.020 0.325 -3.439 0.175 -4.848 -0.368 -1.542
3(%1‘ - 7\4/) 0.147 0.150 5.144 4.427 4.394 0.635 1.334
h 0.722 0.706 21.970 22.417 13.185 -1.630 -0.742

Envl: Maringa — PR; Env2raruna — PR.

all
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homogeneous, since the 25 best estimates (0.570 - 0.08f@)etic divergence among the parental varieties, indicating
among therARMZ 07049 x SE 013 (0.570), UNB 2U C5 x possibilities of exploring them by means of hybrid
BOZM 260 (0.468), SAM x PR 023 (0.458), VICOSA x PRsynthesis (Kvitschadt al, 2004).

023 (0.377), UNB 2U C5 x PR 023 (0.356), and URUG 298- Regarding the evaluation at 14 DAE, the genotype with
Roxo x BOZM 260 (0.333), did not ¢ from each other  the bes@i was RRA 172, significantly similar toA091,

For these combinations, grain yield was partiallfPR 023 and SE 013. These varieties were considered supe-
explained by the heterotic effect, due to the genetitr, due to the predominance of favorable additive gene
divergence and complementarity among the varieties. &ffects for the trait. For the non-additive gene effects,
general, the estimates of the combinations URUG 298-Rogzpressed b@i, there were no differences between the
x BOZM 260 (0.577 and 0.333 in Maringé aldruna, parent varieties.
respectively)ARMZ 13050 x SE 013 (0.573and 0.274), SAM At 21 DAE, as in the previous evaluation, the varieties
x BOZM 260 (0.489 and 0.152) were satisfactory in botRARA 172, A 091, SE 013, and PR 023 performed better
environments, and reciprocal recurrent selection for thikan the others, along with BOZM260 akidMZ 07049,
trait is promising. with the best performances f@[. With regard tq@i, the

In relation to PH and El, the best combinations werearieties did not dfér significantly from each othgexcept
SAMXVICOSA(-17,321 and -12,27ARMZ 07049 x BOY  for SE 013, which had a significantly worse performance
462 (-11,028 and -11,089), and SE 013 x PR 023 (-11,070 ahdn BOWA 462.Thus, varietiesARA 172, A 091, SE 013,
-10,376), with the lowest combined estimates for the twand PR 023 are promising genotypes for intrapopulation
traits, indicating that dominance effects explained thiegreeding for fall armyworm resistance, due to their superi-
reduction in plant height. or performance over the others, explained by additive gene

The combinations with the be@} estimates for GY effects.
also had negative estimates for SIL, indicating that the Among the combinations with the best (negative)
dominance effects associated with earlier genotypes teestimates, the intervarietal hybridsHA 172 x BOZM 260
to boost the productivity of these genotypes. and A 091 x BOWA 462 were the best (-0.8385 and -0.8341,

There were higky; effect for PE in both environments respectively), promising as experimental hybrids and
for the hybrid combination SAM x UNB 2U C5 (6.123 andndicated for interpopulation improvement for fall
3.387, in Maring& anAraruna, respectively), indicating armyworm resistancAnother 24 intervarietal hybrids (-
that not only the additive effects of these parents wefe6196 to -0.0390) were similar to the abédwaong these,
outstanding, but also the non-additive effects whehybrid SAM x UNB 2U C5 (-0.5499), aside from being
crossed with other genotypes. Therefore, these varietiggomising for this trait, was also indicated for
can be indicated for both intrapopulational methods andterpopulation improvement for PE, the main trait evaluated
breeding by interpopulational techniques. in popcorn breeding. The findings from &l al (2014)

In Araruna, the damage caused by fall armyworm coulddicated that tropical genetic resources are of great and
not be assessed, due to the need for insecticide applicafimportant value to resistance to fall armyworm and earworm,
to control the two stink bug specid3ichelops as well as multiple insects and diseases. Besides these
melacanthusand Euschistus h@&s According to Roza- authors support that the relationship among plant defense
Gomeset al (2011),D. melacanthugeduces the plant responses and the environmental conditions and fall
height, number of expanded leaves and root dry weightmyworm injury rates are likely to be critical in
and causes lesions in the whorl and/or shriveling of thenderstanding the mechanisms of maize resistance to insect
central leaves of the plant, white heroscauses the same pests, included to fall armyworm, as well as phytopathogen
effects, but to a lesser extent. infection, which is crucial to reduce yield and grain quality

A significant varietal effect was observed in the firstosses.
and second evaluation 14 and 21 DAE, respectively Acevedcet al (2018) results indicated that elicitors in
indicating differences in theer seperformances between the saliva of fall armyworm stains trigger differential levels
the hybrid combinations of at least two varietiesf€ 2). of plant defense response affecting caterpillar growth and
No significant differences were observed 28 DAE. thus causes influence host plant associations in field

The results indicated significant differences in heteroticonditions. Our results showed that there are promising
effects for fall armyworm reaction, suggesting distincsources to be using in popcorn breeding programs with
genetic systems that would control these differentiatddrget in agronomic traits and popping expansion as well
responses at 14 and 21 DARKTe 2) The entire heterosis as resistance to fall armyworm. Other researches are
was explained by specific heterosjg)(at 14 DAE and by necessary to elucidate these mechanisms and better
mean heterosigi( at 14 DAE. The significant effects of understanding the interactions host plant responses and
mean squares of mean and specific heterosis evidendeskects in field conditions.
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CONCLUSIONS Gongalves LSA, Freitas Junior SMmaral JuniorAT, Scapim CA,
) o ) ) Rodrigues R, Marinho CD & Pagliosa ES (2014) Estimating
Variety PR 023 is indicated for intrapopulation combining ability in popcorn lines using multivariate analysis.

improvement for grain yield. Chilean Journal oAgricultural Research, 74:10-15.

The varieties UNB 2U C5 and SAM are indicated foﬁallauerAR, Carena MJ & Miranda Filho JB (2010) Quantitative

. L. . . genetics in maize breeding. 32 ed. N¥wrk, Springer 663p.
intrapopulation improvement for popping expansion.
o . Kvitschal MV, Scapim CA,TonetA, Pinto RJB, RetucVS, Amaral
Cross SAM x UNB 2U C5 is indicated for reciprocal juniorAT & Braccini AL (2004)Analise dialélica de populacdes

recurrent selection for popping expansion. de milho na regido noroeste do Parana, na “safrinha”. Revista

Ceres, 51:19-32.

The varietiesRRA 172, A 091, PR023 and SE 013are - | | |

indicated for intrapopulation breeding and the crosseg|d® TP & Carena MJ (2014) Diallel analysis among 16 maize

PARA 1 I oS d|‘P0 "9 populations adapted to the northern U.S. corn belt for grain
PARA 172X BOZM 260 an 91 xBOW 462 and SAM yield and grain quality traits. Euphytica, 200:29-44.

x UNB 2U C5 are indicated for interpopulation breeding fof; mLs, palpasqual&/A, Scapim CA, BraccinAL, Royer MR &

resistance to fall armyworm. Mora F (2005) Influéncia da umidade das sementes na capacida-
de de expansé&o de trés genotipos de milho-pipdeantayk.).
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